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Abstract

Drosophila melanogaster is often used to understand genetic mechanisms because of the wealth
of know ledge obtained concerning the organism's molecular functioning. One of the genes
contained in the Drosophila's repertoire is the Cyp6a8 gene which is the subject of the present
investigation. This gene codes for an enzyme that is a member of the cytochrome P450 (CYP)
family. CYPs are found in all organisms, and they are in the metabolism of various xenobiotic
(foreign) and endogenous compounds. In insects, CYPs playa major role in conferring
insecticide resistance. In humans and other mammals, xenobiotic compounds often induce a
variety of Cyp genes to produce enzymes that in some case metabolize the inducing compounds.
The objective of this investigation has been to examine whether DDT, one of the most potent
insecticides, is capable of inducing an insect Cyp gene. For this purpose, two transgenic lines of
Drosophila melanogaster carrying the fIrefly lueiferase (lue) reporter gene were used. These
two lines, 0.2 lue and 0.8lue, have the lue reporter gene under the control of 0.2- or 0.8- kb
upstream DNA of Cyp6a8, respectively. In these transgenic lines, the level of lue activity is
generally proportional to the promoter activity of the Cyp6a8 upstream DNA. Three-day old
adult female transgenic flies were allowed to feed on normal (control) and DDT (10 Ilg/mL)
containing medium for 24 hours. Results showed that DDT induced lue activity in both
transgenic lines. The average level of induction in 0.2 lue and 0.8 lue lines was about 4.5- and
2.5- fold, respectively. These results suggest that the 0.2- kb upstream DNA of Cyp6a8 has cisacting elements for DDT induction. The 0.8- kb DNA also has these cis elements, but the extra
0.6- kb DNA somehow intereferes with maximum level of induction. However, the 0.8 lue line
showed greater basal induction indicating that the extra DNA also was able to produce more
enzymes.
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I. Introduction

Insecticide resistance
The control of agriculturally and medically noteworthy insects has been a desire of
humans because this manipulation can provide a gateway into social and economic development.
However, the resistance of insects to insecticides used to promote this goal has become a
worldwide problem for those wishing to control insect populations. Some of the direct
consequences include increased environmental destruction, direct human health risks, control
failure, and decreased crop yields (Scott, 1999; Scott and Wen, 2001). In addition plants often
produce the same compounds found in these insect repellents such as isoflavonoids,
furanocoumins, terpenoids, alkaloids, and cyanogenic glycosides (Schuler, 1996). Insectsalso
can become resistant to plants containing these chemicals suggesting a mechanism of resistance
that compensates for both manufactured and natural toxins.
The defmition of resistance is "the inherited ability of a strain of some organism to
survive doses of a toxicant that would kill the majority of individuals in a normal population of
the same species" (Scott, 1999). The obvious advantage for an insect that develops resistance is
that the particular organism is capable of metabolizing substances that it would not normally and
thus, have a higher chance of survival when encountering a toxic substance. In fact, it seems that
as insects become more resistant to plant toxins, plants in turn evolve in order to create a toxin
more deadly to the organism creating a sort of symbiotic cycle. Researchers believe that like
plant toxins, insects evolve to become resistant to insecticides using the same mechanism as they
would with plants (Schuler 1996). Most likely, a mutation in the insects' genome occurs in order
for this resistance to pesticides to ensue (Sundseth, 1988).
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DDT

Perhaps one of the most well-known insecticides is DDT (4,4'Dichlorodiphenyltrichloroethane) due to its widespread success as a repellent but also for its
detrimental effects to other species that it was not meant to harm. This chlorinated hydrocarbon
(Figure 1) was estimated by the World Health Organization to save over 25 million human lives
due to its aid in the reduction of malaria cases caused by mo squitoes. In spite of its success,
DDT was banned as a commercial insecticide because of its high toxicity to many aspects of the
environment (www.chemox.ac.uk). Since then, experimental research has shown that insects,
such as Drosophila melanogaster, have exhibited resistance to DDT (Sundseth, 1988).
Cytochrome P450s

Cytochrome P450s (Cyps or P450s) are a superfamily of genes found in all living
organisms. These include bacteria, plants, simple and more advance eukaryotes such as insects,
mice, cows, and even humans (http://drnelson.utmem.eduJcytochromeP450.html). Cyp enzymes
are found in endoplasmic reticulum and in the mitochondria of eukaryotes (Schuler, 1996; Scott
and Wen, 2001). Functionally, Cyp genes produce proteins that involve NADPH and/or NADH
to reduce and cleave atmospheric oxygen, which is inserted into the original substrate. This
monooxygenase reaction produces a molecule of water and most importantly, a serviceable
organic product (Schuler, 1996). In broader terms, this reaction allows the cytochrome P450
monooxygenases, enzymes made by the gene, to perform a variety of functions essential for the
survival of an organism These functions
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Figure 1- The structure of DDT. This is a chlorinated hydrocarbon that is not metabolized
rapidly by organisms.
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include the regulation of endogenous compounds such as hormones, fatty acids, and steroids as
well as the catabolism of xenobiotic compounds (Scott, 1999). The importance ofthese
functions has led researchers to become involved in intensive study of these genes. Due to the
research performed, it has been discovered that the P450s can catalyze a bewildering array of
approximately 60 different reactions that are important in monooxygenase activity. The P450's
broad substrate and reaction range allows the P450 hemoproteins to be involved in growth,
development, synthesis of hormones and pheromones, and protection against xenobiotics (Scott
and Wen, 2001).
It is important to note the nomenclature associated with this superfamily of genes. The
cytochrome P450 proteins are divided into families and subfamilies based on their amino acid
identity with each other. Thus, a gene name begins with the letters CYP followed by a number, a
letter, and another number referring to family, sub-family, and gene numbers, respectively.
Genes are denoted by italics while enzymes, DNA, and mRNA are written in capital letters
(Scott and Wen, 2001; Tijet et. al,2001). Insects, which are the main scope of this study, are the
only group which have the Cyp6 family genes (Tijet et. al,2001).
P450s and resistance

Researchers initially discovered P450 enzymes in the 1950's and since that time, a
significant amount of research has been performed relating to their function. As mentioned
before, they are believed to engage in metabolizing a significant number of xenobiotics such as
carcinogens, drugs, pollutants, and even insecticides such as DDT. Numerous studies have
shown that insects resistant to such xenobiotics have a higher level of expression of one or more
Cyp genes than the susceptible strains. In fact, it is believed that upregulation of these Cyp genes

is responsible for the resistance although the precise mechanism of this action is not known
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(Maitra et. aI, 2002). This mono oxygenase-mediated mechanism is believed to be the most
frequently used by insects as a means to becoming resistant to various insecticides due to vast
number of insect species affected by the gene (Scott, 1999). Studies have shown that the
induction of Cyp genes has been found in various places in these insect species including the
nervous system, antennae, fat body, Malphigian tubules, and mostly, the midgut area. The
induction of these genes even has varying amount of expressions based on life stages, gender,
substrate, and strains (Scott and Wen, 2001).
In spite of the large body of information known concerning P450s, more research must be

done concerning the mechanism of induction of the Cyp genes. It has been noted that a single
substrate can utilize multiple P450s for metabolic purposes or that one P450 has the ability to
metabolize multiple substrates (Schuler, 1996). As of now, it is believed that there is some sort
of mechanism increasing the expression of the gene such as increased transcription, gene
amplification, or the stabilization of the mRNA or protein. One research suggests that gene
amplification does not appear to be involved in the process; however, this hypothesis has not
been proven (Scott, 1999). Since it seems as though increased Cyp gene expression only occurs
when exposed to a toxin, one might conclude that transcriptional regulation is at work. This
would be a clear advantage for insects as they would invest energy only when necessary
(Schuler, 1996).
Objective
Due to the wide range of function and placement of Cyp genes, I decided to continue the
research on the induction of these genes by xenobiotics. Other researchers have shown the
induction of Cyp genes by a number of xenobiotics including DDT (Brandt et al., 2002; Scott,
1999), and because of its popularity, I decided to analyze the effects of DDT on a P450 gene,

5

Cyp6a8, of Drosophila melanogaster adults. Two transgenic lines of Drosophila melanogaster
were created in earlier experiments by Maitra et. al (2002) in Dr. R. Ganguly's molecular
genetics lab. These transgenic lines have luciferase (luc) reporter gene under the control ofO.8or 0.2- kb promoter DNA of Cyp6a8 gene. The Cyp6a8 gene has been studied extensively in Dr.
Ganguly's lab. However, this particular gene's function and specific substrate, like most P450s,
are unknown. Most recently, it has been found that caffeine and Vivarin®, a commercially
marketed caffeine containing drug, could induce the luc reporter gene under the control of
Cyp6a8 promoter DNA (Dean, 2002). In the present investigation, I used these reporter
transgenic Drosophila to fmd out whether DDT can also stimulate the expression of the luc
reporter gene.

6

II. Materials and Methods

Fly Strains
Drosophila melanogaster stocks, 0.21ue 30-4 (H-ry) and 0.81ue 110 (H-ry, synthesized
previously were used in the present examination. Each stock has fIrefly lue gene which is
attached to either 0.2- kb or 0.8- kb upstream DNA of the Cyp6a8 gene (Fig. 2). Both stocks are
homozygous for the reporter transgene which is located on chromosome 2.
Culture conditions and treatment

Flies were nurtured on a standard comeal-agar-molasses medium (0.65% bacto-agar,
5.5% cornmeal, 3% brewer's yeast, 5% (v/v) unsulfured molasses, 2% (v/v) light com syrup,
0.25% (v/v) propionic acid, 0.3% ethanol, and 0.1 % Tegosept [p-hydroxy-benzoic acid, methyl
ester]) at 70% humidity and 23°C.
Stock bottles of the 0.2 lue and 0.8 lue transgenic flies were emptied (day zero) of adult
flies so that only larvae and pupae remained in the culture bottle. Flies, 0-3 days old were
collected, and females and males were sorted. The females were divided into vials containing
either acetone or DDT medium The flies were allowed to feed on these media for 24 hours.
Stock DDT solution (1 mg/ml) was prepared by dissolving DDT in acetone. The DDT
medium was created by adding 500 ,,,IL of stock DDT solution to 50 ml of melted standard
medium to create a 10

~g/ml

treated medium The ingredients were mixed vigorously and

allowed to coagulate for one day before flies were presented for feeding. Similarly, the control
medium was made by adding 500

~

of acetone to 50 ml of food and mixed in the same manner

as the DDT condition.
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Figure 2- Cyp6a811uciferase constructs used in the experiment. The shaded region
indicates the upstream DNA of the Cyp6a8 gene placed in front of the fuc reporter gene.
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Extract preparations
Following the 24-hour treatment period, flies were etherized and sorted in groups of ten
flies into 1.5 ml vials. The entire experiment consisted of two independent trials where each
treatement condition was performed in quadruplicate by using four vials. Once the flies
recovered from the effects of the ether, they were placed on ice for 2 minutes to knock them
down. To each vial, 200 ,. IL of IX Cell Culture Lysis Reagent (CCLR) (Promega) was added,
and the flies were homogenized. The homogenates were kept on ice for approximately 5 minutes
and then centrifuged at 13,000 RPM for 8 minutes at 4°C. Clear (100 JlL) extract from the
bottom of each Eppendorf tube was then removed free of lipid layers and placed into a clean
Eppendorftube. These extracts were again centrifuged at 13,000 RPM for 8 minutes at 4°C.
Then, 50

~

of supernatant was transferred to a new Eppendorf tube. The extract was then

divided into two 25

~

aliquots, one to be used for a luc assay and the other for a protein assay.

All samples were stored at -80°C.

Luciferase assays
The activity of the luc reporter gene was measured using a kit available from Promega
(Wisconsin). Luciferase Assay Reagent (LAR) was prepared according to the protocol provided
by the manufacturer, divided into 100

~

aliquots in 1.5 ml Eppendorf tubes, and stored at

80°C until use. Each tube was equipped to handle a single reaction.
The LAR was removed from cold storage and allowed to thaw on ice for 45 minutes in
the dark. Fifteen minutes before the LAR was to be used, it was removed from the ice and kept
at room temperature in the dark for complete thawing. At this point, the fly extracts were also
removed from cold storage and placed at room temperature for 15 minutes. To assay, 5
extract was removed and added to the 100

~

~

aliquot ofLAR. This was mixed gently and
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of fly

immediately placed into a luminometer (Zylux). Recording was done for one minute with 15
second intervals and a 3 second initial delay. The reading obtained approximately 18 seconds
after the LAR and extract reaction was used for data analysis purposes.

Protein assays
A BCA protein assay kit (Pierce) was used to detennine the amount of protein in each
sample using 10 ~ of the extract. The fly extracts were removed from cold storage and placed
on ice to thaw. Bovine Serum Albumin (BSA) (2 mg/ml) was diluted with IX CCLR buffer to
create a mixture that was 1 rng/ml in 0.5X CCLR buffer. This BSA was used to calculate the
standard curve using 0, 25, 50, 75, and 100 ~g of the reagent. Extracts made in IX CCLR buffer
were also diluted with water to give the fmal concentration ofCCLR 0.5X. All samples (100
JlL) were then mixed with 2 ml ofBCA protein assay reagent (Pierce). The samples were
incubated for 30 minutes at 37°C and absorption was read in duplicate at 562 nm with a
Shimadzu spectrophotometer model UV16U. Readings of duplicate samples of each extract
were taken.
Calculations

Luciferase assay readings were modified from the reading given into units of RLU s/rng
(Registered Light Units). The average readings of absorbances from the protein assay were used
to create a standard curve independent of the one given by the spectrophotometer. The
absorbances given for each duplicated sample were then averaged to give a single absorbance for
each sample. This absorbance was then used in the new standard curve to give a quantified
protein estimation in rng/ml. In the frrst trial, there were 3 instances where the fmal protein
count was so low that no protein was registered due to the small number of decimal places used.
In these cases, a protein value of .001 rng/ml was assigned. The fmals luc assay reading was
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then divided by the protein assay reading to give a quantification in RLUs/mg protein for each
sample. These vales of control and treatment conditions were compared.
The statistical analysis was done with EXCEL 98. The Student's t-test was perfonned
using the EXCEL results at :Y!~~.w.!_IJ.hy~,t!'&_~_§ban_&~t.~!.§Jg!§I.. All calculations and statistical
results are included in the appendix.
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III. Results

In order to study the induction and subsequent expression of genes in insects, the
luciferase (luc) reporter gene was developed. This reporter gene utilizes the natural

bioluminescence properties of a fIrefly enzyme luc which allows fIreflies to communicate via a
light signal mechnism The luc gene is isolated from the fIrefly and then placed under control of
the promoter of another gene (Wood, 1998). In this experiment, the luc reporter gene was
attached either 0.2- or 0.8 kb upstream of the Cyp6a8 gene. The amount of luc enzyme activity
expressed is directly proportional to the Cyp gene activity expressed. Thus, by measuring the luc
activity in a sample, inducibility fo the Cyp gene promoter DNA can be measured.
In both trials of the experiment, 0.21uc and 0.8 luc flies were used that were homozygous
luciferase reporter transgene; thus, it was expected that all of the samples would have the ability
to express the same amount of luciferase activity because each line had the same number of
reporter transgene copies. Additionally, only females were used for the experiment. In previous
observations, males and females have shown to differ in Cyp6a8 gene expression (Maitra, 2000).
In the fIrst trial, the 0.2 luc DDT-treated sample showed a 4-fold higher induction than
the 0.2 luc untreated sample (Figure 3). This difference was found to be statistically significant
(p<0.026). The 0.8 luc line showed similar induction results as the 0.2 luc line in that the treated
sample exhibited a 2-fold difference in expression capabilities (Figure 4). This also shows a
statistical significance with a Student's t-test value of p<0.09 1. A comparison of the two lines
based on the treatment conditions shows that the 0.8 luc line greatly enhances expression by 50fold in the untreated condition and by 33-fold in the instance where DDT was used (Figure 5).
The above experiment was repeated to ensure accuracy as well as to see if the amount of
induction difference remained stable between experiments. The second trial gave similar results
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as the fIrst trial. The induction difference between the 0.21ue treated and untreated was
approximately 6-fold with the DDT-treated sample showing the larger expression (Figure 6).
The value differences were statistically significant as well (p<O.0097). Again, the expression of
the O.Slue treated line was 3-fold higher than the O.Slue untreated sample (Figure 7) with a
statistical significance of p<0.0019. Like the flfst trial, the expression differences between the
0.2 and 0.8 lue lines ofthe same treatment proved to be higher in the 0.8 line (Figure 8).
However, the difference was not nearly as high as the flfst trial. In this instance, the 0.8 lue
treated line was only expressed 4-fold as much as the 0.2 lue treated line while the 0.8 untreated
line was only induced 8-fold as much as the 0.2 lue untreated line.
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Figure 3- The 0.2 luc comparison of the first trial. The relative amount of luc
expression between the untreated (control) and DDT treated is about 4-fold (p<O.026).
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Figure 4m The 0.8 luc comparison of the first trial. The relative amount of luc
expression between the untreated (control) and DDT treated is about 2-fold (p<O.091).
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Figure 5- The comparison between all samples of the entire first trial.
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Figure 6- The 0.2 luc comparison of the second trial. The relative amount of luc
expression between the untreated (control) and DDT treated is about 6-fold (p<O.OO97).
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Figure 7- The O.81uc comparison of the second trial. The relative amount of luc
expression between the untreated (control) and DDT treated is about 3-fold (p<O.OOI9).
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IV. Discussion

Investigation of the effects of DDT on the Cyp6a8 gene expression was measured by
using a luc reporter transgene that was under the control of 0.2- or 0.8- kb upstream DNA of the
Cyp6a8 gene. The results showed that both transgenes, 0.2 luc and 0.8 luc, were induced by

DDT. This observation suggests that the 0.2 and 0.8-kb upstream DNA of Cyp6a8 responds to
DDT for higher luc production. However, further work needs to be done to investigate the
possible mechanism of DDT induction.
Various mechanisms may be proposed to explain the observed increased luc activity
following DDT treatment. Increased luc activity could be due to increased transcription of the

luc gene, the stabilization of LUC mRNA or the stabilization of the LUC protein. It is possible
that DDT treatment may cause a combination of any of these effects. Interestingly, it has
recently been demonstrated that DDT treatment can increase CYP6A2 mRNA in Drosophila

melanogaster (Kurunguti and Ganguly, unpublished observations). In view of this, it IS possible
in the present investigation that the Cyp6a8 promoter was also induced by DDT leading to
increased LUC mRNA production and thus increased LUC enzyme activity. A northern blot
hybridization in the future may resolve whether DDT treatment increases LUC rnRNA in 0.2 luc
and 0.8 luc transgenic lines.
The difference in basal expression between the 0.2 luc and 0.8 luc lines is also critical in
understanding the mechanism of the Cyp6a8 gene. Since induction of the gene occurs when
DDT is presented regardless of the strain, it suggests that there is an element in the initial 0.2- kb
upstream DNA ofthe luc Cyp6a8 that is crucial for induction. Because the 0.8 luc line shows
greater induction capabilities, it suggests that there are more DDT -responsive elements present in
the extra 600 bp DNA in the 0.8 DNA fragment.
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The function of the Cyp6a8 gene cannot be realized by the results of this experiment.
However, other studies have mentioned that the gene may be involved in ontogenic development
because of evidence of expression peaks during the 3rd larval instar stage and again during
adulthood (Jenkins, 2001). Further studies such as this one would be beneficial in understanding
both the function and mechanism of all P450s in order to apply such research for practical
purposes. I also did preliminary experiments observing the effects of DDT on 90-hour-old
larvae of these two lines. However, there was no observed difference in expression between the
treated and untreated larvae. There is reason to believe that the experimental method may have
to be altered in order for the larvae to have proper access to the DDT for ingestion.
DDT has been shown to induce Cyp6a8 gene in this experiment and others, and it merits
consideration as a substrate for this gene. Further examination of these strains and others is
required to fully understand the mechanism and function of all P450s. With increased
understanding of this superfamily of genes, there will be an increased implication for practical
application in insect control and more effective pesticide usage.
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Appendix

Calculations table for trial 1:
Protein (mg) RLUslmg protein Average
Line
Sample RLUs
0.016
1
153672600
0.2 untreated
9.60E+OS
0.011
2
82987400
7.54E+0§
3
144289000
0.018
8.02E+0§
0.001
4
1.08E+11 8.39E+09 omit 4 (outlier)
10843260~
0.001
138392800
9
0.2 DDT
1.38E+11
omit 9 (outlier)
0.003
1C
113139800
3.77E+10
0.004
11
110507800
2.76E+10
0.007
12
127479600
1.82E+10 2.79E+10
0.001
5
604038800
6.04E+11
0.8 untreated
0.001
6
651677400
6.52E+11
0.003
7
94385240(J
3.15E+11
0.008
8
893727200
1.12E+11 4.21 E+11
0.002
3
1749917400
0.8 DDT
8.75E+11
t
0.002
14 1908684800
9.54E+11
0.005
15 20416900QQ
4.08E+11
16 14556052~0
0.001
1.46E+12 9.23E+11

Calculations table for trial 2:
Line
-

0.2 untreated

0.2 DDT

0.8 untreated

0.8 DDT

Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

RLUs
Protein
81936200
93932800
7404900Q
9854160C
293642000
887650800
878453000
638645400
1195307800
788755000
1251802600
1159678000
3726124400
3727624600
3666369000
3379724000

(mg) RLUslmg protein Average
0.016
5.12E+09
0.015
6.26E+09
0.010
7.40E+09
0.017
5.80E+0~ 6.15E+09
0.014
2.10E+10
0.016
5.55E+10
0.017
5.17E+10
0.024
2.66E+10 3.87E+10
0.024
4.98E+10
0.019
4.15E+10
0.024
5.22E+10
0.025
4.64E+10 4.75E+10
0.026
1.43E+11
0.017
2.19E+11
0.020
1.83E+11
0.029
1.17E+11 1.66E+11
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